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Abstract 
 
ASTRON is building the world’s largest radio telescope for low frequencies, LOFAR. LOFAR is optimized for detecting 
astronomical signals in the 30-80 MHz and 120-240 MHz frequency windows. Since this part of the spectrum is in extensive use 
by others, a special RFI mitigation strategy is implemented which will be described in the paper. International RFI measurements 
will be presented and we will focus on practical implementation issues such as the impact of Digital Video Broadcast, RF 
emissions from power lines and the influence of large wind turbines on the EM environment.   
 
1. Introduction 
 
LOFAR (Low Frequency Array) will be a wide-area sensor network for astronomy, geophysics and precision agriculture [1.. 
4]. The LOFAR infrastructure will consist of a collection of sensor fields (also referred to as “stations”). In this paper we will 
limit ourselves to the astronomical application. Up to thirty-two sensor fields will be concentrated in a central area, further 
referred to as core stations. The rest of the stations (remote stations) will be distributed over a larger area (see Figure 1). The 
stations will cover the spectrum from 30 to 240 MHz. A dedicated supercomputer, called the Central Processor will combine and 
process the sensor data. Data will be transported over optical fibre connections from the sensor fields to the Central Processor. 
The total digitized data rate from the sensors is about 0.5 Tb/s at each sensor field. Station level processing reduces this rate to 
roughly 2 Gb/s by combining data from multiple sensors into phased array beams. The first step in the realization of LOFAR was 
the construction of a Research and Development Core Station (referred to as “CS1”) [2] to be used as part of the final end-to-end 
functional validation. Now the roll out is started of the rest of LOFAR. LOFAR is fully based on phased array principals. This 
gives LOFAR the ability to operate in multiple directions simultaneously. LOFAR is one of the first radio telescopes in which 
RFI mitigation techniques is an integral part of the system design, which will be presented in this paper as well as some practical 
issues.  
 
     
 
Figure 1. Geometrical overview of LOFAR. At the left image the main LOFAR layout in the Netherlands. At the right image an 
artist impressing of the LOFAR international station.  All the red/orange dots are stations. 
 
2. Spectrum occupancy 
  
For the astronomical application each LOFAR station will contain 96 Low Band Antennas (LBAs) and 48 to 96 High Band 
Antenna (HBA) tiles to cover the whole frequency range with sufficient sensitivity. The LBAs will cover the spectrum from 30 to 
80 MHz and the HBA tiles will cover the spectrum from 120 to 240 MHz (see [1..4] for more detailed information). The 
spectrum from roughly 30 to 240 MHz is in use by many other applications. In Figure 2, a typical spectrum is shown of the of the 
LOFAR band.  
 
 
 
  
 
Figure 2. Spectra of the LOFAR monitor campaign in February 2008 
 
The spectra were obtained by a special LOFAR monitoring van. The equipment that is used for the mobile measurements 
is a data acquisition instrument (a Rhode & Schwarz ESMB receiver) which connects to a notebook computer for control and 
readout. The input is connected to either a HE010 active antenna or the Vulp9118G passive antenna. The FM radio band is 
clearly visible in the figure. Also visible are distant DAB-T signals in TV band III channel 12 at 223-230 MHz. The strongest 
signal in the band is a pager signal at approximately 169 MHz. 
 
The use of the radio spectrum in terms of signal power and time-frequency occupancy is roughly known from allocation 
tables, from monitoring observations like above, and for future spectrum developments from spectrum management agencies. In 
order to estimate the required attenuation levels, the observed spectrum power needs to be related to the LOFAR sensitivity. The 
calibration capabilities of LOFAR include the removal of strong sky sources such as Cas.A from the data. In that respect, 
remaining RFI can be removed in the same way as astronomical sources are removed. This results in the requirement that RFI 
sources must be suppressed to levels comparable to the level of Cas.A.  
 
 
3. RFI mitigation strategy 
 
At the LOFAR sites, the strongest signal observed was a paging signal at 169 MHz, at a level of 65 dBμV/m. This, however, 
is a small band signal. Eliminating that specific frequency bin in the LOFAR data is acceptable. Most of the interferers (>90%) 
have observed power of less than 40 dBμV/m. That means the RFI mitigation techniques must reduce the interference more than 
40 dB. There are, however, a few additional effects which help to reduce the observed interference: 
 
• Spectral dilution. With LOFAR we observe a wide band, while interferers are bandwidth limited. The energy of a 
single narrowband RFI source is diluted by averaging all channels in the band (N). The noise power decreases with √N, 
whereas the RFI power decreases with N. This leads to a spectral dilution factor which scales with √N. Of course this is 
only valid for narrowband RFI and not for wideband modulation techniques (eg. Spread spectrum modulation). 
• Spatial dilution. Observing astronomical sources require a substantial integration time. The sources are moving with 
respect to the antennas, while the (terrestrial) interferes don’t move. In the integration process, the RFI sources are 
diluted.  
• Polarization. Most RFI sources are fixed to the horizon and polarized vertically, while LOFAR antennas are 
horizontally polarized (w.r.t. the horizon). This gives an addition attenuation of about 15 dB.  
 
Implementing RFI mitigation techniques requires computer power. One of the constraints of the LOFAR system design is 
that the computer power needed for the interference mitigation should be an order of magnitude less than what is required for the 
astronomical signal processing. The following mitigation techniques within LOFAR are or will be implemented in the system: 
 
• The observed band will be divided in subbands of 156/195 kHz. By choosing the optimal location of the subbands, RFI 
can be minimized.  
• Flagging in the time domain (timescales from ms to 10s). Flagging is done at the central level, rather than at station 
level. Reason for that is the possibility to flag at kHz level, instead of the complete subband of 156/196 kHz.  
• Spatial RFI mitigation at the stations. Only fixed or very slow-varying spatial nulls at the station will be applied. Fast 
changing interference nulling would lead to fast changes in the (sidelobe) gains which makes calibration of the 
instrument very difficult. Fixed spatial nulling is easily implemented in the station beamformer.  
• Spatial filtering at central level. This will be done after correlation of the data in the central computer. Although in 
theory this has been researched, practical implementation will be done in the second phase of the project, as soon as a 
number of stations are implemented. 
• Reduction of the interferes in the map, done to sky noise levels. This will be included in the map making process which 
involves long integration times. Interferers in the map can be treated the same as strong sources in the map which 
should be reduced as well. Current available techniques as Clean  and Selfcal[5] will be used, as well as new 
techniques as spatial filtering.  
 
4. Practical problems  
 
Digital audio and video broadcasting (DAB-T, DVB-T) will be one of the RFI sources with large impact. Although the 
transmitters will have one or two orders of magnitude lower ERP than the old analogue transmitters, the dense network of 
transmitters will compensate for that. The integrated received power of a digital transmission will be of the same order of 
magnitude as the integrated received power of an analogue system, or less. The signals are spread spectrum signals with 
bandwidths up to 8 MHz. That makes it very difficult to observe astronomical sources at the same frequency. In most cases the 
occupied band will be flagged in the data (or the specific subband will not be chosen). But, there is another problem. Although 
the subband with the DVB-T signal is not taken into account, we need a good subband filter to eliminate this band. In LOFAR, 
the digital subband filter attenuates approximately 80- dB. So, if the level of e.g. a DVB-T signal is 100 dB above the noise floor, 
a 10% increase of overall system temperature will appear in all subbands. And this is only for one subband. If all 512 subbands 
are taken into account, the overall attenuation of the DVB-T signals is 80 (subband attenuation) – 26 = 54 dB.  
 
That might give problems in the future, since the rollout of DVB-T and DAB-T will happen soon. That is one of the reasons 
why in the Netherlands the LOFAR core is treated as an RFI coordination zone, which makes it possible to discuss optimal 
locations for new transmitters with operators of DVB-T networks. In Figure 3, a part of the spectrum in Potsdam, Germany (close 
to the Polish border) is shown, in which the digital communication signals are clearly seen. In this case the attenuation of the 
subband filters is just enough to prevent spreading the DVB-T signal in the remaining subbands.  
 
Another possible interferer is high-voltage power lines. Radio interference from the high voltage power grid may originate 
from corona discharges to the atmosphere, from arcing of the conductors to the support structure, or from signal transportation 
via the power grid such as power line communication (PLC). Interference due to arcing mechanisms are dominant over corona 
emissions at power line ac voltages below 70 kV. Above 110 kV the corona emissions are dominant over arcing. In cases where 
there is damage to the power line structure or when there is some material on or close to the insulators (dirt, twig) arcing can be 
dominant. An analysis of the corona effect shows that in the LOFAR central core power lines must be at distances of ~5km. At 
remote stations, the corona levels are allowed to be much higher: as long as these do not significantly increase the system noise: a 
few hundred meters is enough.  
  
 
Figure 3. Spectrum at the Potsdam site including DVB-T and DAB-T signals. 
 
Wind turbines will have impact on the EM spectrum as well. One of the prominent effects is the reflection of RFI due to the 
rotation of the blades of the windmill. This introduces time variable multipath effects of the RFI at the LOFAR antenna. Close 
the wind turbine we observed variation of more than 4 dB of a FM radio signal. Since the position of the wind turbines is fixed, 
RFI mitigation techniques at the station must be able to reduce the RFI. At this moment a distance of 2 kilometers between wind 
turbines and LOFAR antennas is required.  
 
 
5. Conclusions and further research 
 
Finding LOFAR locations with low RFI is not an easy task, especially since also the impact of future spectrum use must be 
taken into account. For practical reasons a list of requirements is made for the LOFAR locations. In this paper we presented the 
RFI mitigation technique implemented in the current LOFAR system. We also mentioned a couple of practical problems (DVB-
T, DAB-T. wind turbines, high voltage lines). RFI Measurements results in a practical list of requirements for LOFAR locations. 
At this moment a certain margin is taken into account, which makes it difficult to find location fulfilling all requirements. More 
research is needed to further research the impact of the various RFI sources and towards special RFI mitigation techniques to 
reduce the impact of the interferers. The direct impact of terrestrial digital broadcast transmitters is huge, but since the 
transmitters have a fixed location and detection is possible, special RFI mitigation techniques must in principle be possible to 
implement.  
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